A risk assessment for consumption of fish from Lake Macquarie was conducted, to determine the safe level of fish consumption for people regularly consuming fish from the lake over a lifetime. This risk assessment used a maximum safe intake of selenium of 0.005 mg/kg/day.
METHODS
To determine the maximum allowable intake of selenium, we reviewed recommendations from selected agencies around the world: the Agency for Toxic Substances and Disease Registry (ATSDR), Centers for Disease Control and Prevention, US Public Health Service; 2 the United States Environmental Protection Agency (US EPA); 3 the World Health Organization (WHO); 4 and the National Health and Medical Research Council (NHMRC), Australia (Table 1) . 5 The ATSDR and US EPA levels are based on a 'no observed adverse effect level' (NOAEL) of an intake of 0.015 mg Se/kg/day or 0.85 mg Se/day, based on Chinese subjects who had an average weight of 55 kg, established in a study by Yang et al. 6 Both the ATSDR and the US EPA divided the NOAEL by an uncertainty factor of three to allow for sensitive individuals, giving a maximum safe level of intake of 0.005 mg Se/kg/day. In 1994, an Expert Consultation between the Food and Agriculture Organization of the United Nations and the WHO, There is evidence of effects on glutathione peroxidase activity, with selenium intake around 0.85 mg per day, again suggesting some alteration of function at the cellular level.
RISK ASSESSMENT FOR THE CONSUMPTION OF FISH WITH ELEVATED SELENIUM LEVELS
In the study by Yang et al., 6 which formed the basis of the NOAEL, the actual proportion of ingested selenium that was absorbed was not known. In the Lake Macquarie risk assessment, no adjustments were made for absorption as it was assumed that the same proportion of selenium was absorbed from the fish as was absorbed from the diet of the subjects in the Yang study. The NOAEL is based on the level of selenium ingested, not the level absorbed. However, there may be differences in the level of absorption of selenium from Lake Macquarie fish that could bias the assessment in either direction. Absorption from some fish has been shown to be as low as 20 per cent in animal models; however, it is not known how this correlates with absorption by humans. Another study that supports the safety, and likely conservative nature, of an intake of 0.005 mg/kg/day was conducted in an area of the United States with high selenium levels in soil and diet. 7 It revealed no morbidity in 76 subjects with a mean daily selenium intake of 0.239 mg, including 12 subjects with an intake in excess of 0.4 mg/day and one subject with an intake of 0.724 mg/day.
RESULTS
The findings of this risk assessment suggest that a 70 kg adult would be able to consume 1.35 kg of Lake Macquarie fish per week if they had the mean dietary intake of selenium from other sources found in the 1994 Australia New Zealand Food Authority's Market Basket Survey (Table 2) .
DISCUSSION
The risk assessment based on conservative but reasonable assumptions allows an intake of fish from Lake Macquarie of 1.35 kg, which is more than 17 times the mean national weekly intake of 77 grams. This level of intake is only likely to occur among people and their families who fish commercially or recreationally from Lake Macquarie.
When this risk assessment was conducted the standard for selenium in food in Australia was 1mg/kg; however, this was under review as it was not based on health risk assessment. In the interim we thought it was appropriate to develop dietary guidelines for consumers of Lake Macquarie fish based on health risk assessment. This risk assessment allows a 70 kg adult to consume 1.35 kg of fish per week continuously for a lifetime. This allows for much greater than 1.35 kg of fish in any given week as long as the average is below 1.35 kg. It must be emphasised that this is the upper limit of safe intake, not the threshold for toxicity. The conservative assumptions, and the threefold safety factor used in deriving a safe upper limit intake of 0.005 mg/kg, should ensure that the threshold for toxicity in the average person is much higher than this.
No evidence for increased sensitivity to selenium in children or pregnant women exists so their intake of Lake Macquarie seafood should be based on the same risk assessment. 2, 6 Smaller adults and children should consume fish in proportion to their weight; that is, a 35 kg child should be allowed 675 grams of fish, or half of the 1.35 kg allowed a 70 kg adult.
There was a limited number of Blue Swimmer Crabs, and no prawns were caught for this study. The mean selenium levels in the Blues Swimmer Crabs were similar to that in fish with fins, and in prawns, which have been found to have similar levels of selenium to fish with fins caught in the same location in other studies. Therefore, it would be reasonable to allow a total intake of 1.35 kg for all fish, crabs, and prawns per week from Lake Macquarie for a 70 kg adult until further data is available.
Because selenium and other metals may accumulate in the internal organs of fish, 1 consumers should be discouraged from consuming internal organs or using whole fish as stock.
Fact sheets informing fisherman of the outcome of the risk assessment, and the advice to eat only 1.35 kg per week, were distributed through fishing cooperatives, bait and tackle shops, and through public meetings; a press release and media conference received widespread media coverage. While not formally assessed the public appeared to accept the risk assessment and no groups disputed the process or the findings. Since the study, commercial fishing has been banned in Lake Macquarie, due to depletion of fish stocks and not for reasons of public health.
